With the rapidly increasing of people's purchasing power, the fast moving consumer 9 goods (FMCG) industry is supposed to grow dramatically. In order to gain more market access and 10 profile, it is important for the FMCG manufacturers and retailers to find the preferences and 
Introduction

26
Given the continuous development of the economy, and the popularization of the internet, 27 people's consumption behavior has undergone tremendous changes [1] . The regional characteristics 28 of consumers are becoming increasingly complex. The situation is typically prominent in the sales of 29 fast moving consumer goods (FMCG) industry, which is becoming an important part of purchase of market share for competitors and wrong marketing strategy for retailers [11] .
To provide more reasonable businesses strategies, combining the marketing theory with new 49 technology (data mining, big data, and machine learning) is essential. The related research about 50 retail sales data combined with the characteristics of spatial areas is an important cross field of 51 geography and economy. By studying the spatial distribution and sales of retailers, the different 52 preferences of consumers in different areas can be efficiently revealed, thereby helping in the 53 development of suitable marketing strategies and more profit.
54
The present research on retailers mainly focus on their spatial distribution such as spatial 55 aggregation phenomenon. Many studies use different theories, such as central place theory [12] , 56 kernel density estimation [13] , and distance attenuation theory [14] . These theories are used to 57 estimate the commercial centers of retailers or malls, combined with external data such as media data 58 or POI data [15] . Given limited data sources, current studies mainly analyze of the quantity and 59 distribution of retailers [16, 17] , and attempt to observe their spatial characteristics. However, these 60 studies did not consider the sales of retailers, which are the most important attributes of retail. Thus, 
66
A new combination of geography methods is proposed to solve the problem of the distribution 67 and sales strategies of FMCG in retailers, thereby providing mesoscopic guidance for the 68 development of a sustainable economy. In the process, the classification for retailers is conducted 
74
closer to the clustering center, the sales increased. Then, to improve the regional sales and to satisfy 75 consumer demand, the optimization distribution strategies are proposed by using Moran's spatial 76 correlation algorithm and space division method. In this experiment, we use FMCG sales data of 5614 77 retailers in Guiyang, the capital city of Guizhou Province in China, from 2015 to 2016. Then, we 78 classify the retailers into three classes via the K-means algorithm and silhouette coefficient. After the 79 verification of KNN and correction with sales, the clustering result is used for the optimizing strategy 80 of retailers. Two strategies are proposed, as follows: the conservative, which can improve sales by 81 5.1%; and the positive, which can improve sales by 8. 4-10.3%. 
82
In this paper, we propose a combination of geography method to solve the problems of 83 sustainability economy in micro-scale. 
143
The main data set used in this paper is the monthly sales data of FMCG between 2015 and 144 2016 of the 5614 FMCG retail shops in Guiyang City, China. These shops comprise markets and 145 small shops. The FMCG in these shops include fresh foods like meat and vegetable, and frozen
146
foods, wine, hygiene products and so on. We choose three types of FMCG as our research object.
147
Other data include road net and map data of Guiyang City to provide spatial references and 148 base map.
149
Market Segmentation by Cluster Analysis
150
In the study of market segmentation, cluster analysis is usually a basal way to obtain the 151 sales characteristics of different shops. 
223
The computational formula of M is as follows:
224
We calculate the cluster centers of every quarter and calculate M(i) of each month. We use between 0-1, the closer to 1, the higher the degree it fitted. The closer to 0, the lower the degree 234 it fitted. Table 2 shows the fitting results. 
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The clustering center essentially reveals the population and acceptance for the retail brand. approach will satisfy people's needs and fit the market demand. Such a situation can provide a 246 guide for the improvement of sales and avoid busts the same time.
247
Spatial Optimization Strategies and Discussion
248
The realistic ratio should be maintained near the cluster centers. Thus, implementation of 249 the principle is the main problem for retail shops.
250
The next part will focus on the implementation of different areas and different types of 
254
For each store, their current distribution and ratio of products are different from the 255 standard clustering center X (X1, X2, and X3). The difference may be small for some shops but 256 may be large for other shops. We blindly adjust the distribution strategy of every shop and 257 dramatically shrink the gap between current ratio and standard clustering center. This approach 258 will definitely cause the bust of products, thereby causing the risk of profit loss of shops. Thus, 259 the precise marketing strategy will be based on spatial autocorrelation algorithm.
260
We take first class shops as experiment objects. The analysis of other two classed of shops 
266
Spatial correlation is an important research method in spatial statistical analysis; it is used 267 to explore the degree of influence between regions. In spatial autocorrelation analysis, the "hot 268 region" usually occupies places with relatively high values and are close to each other. However, 269 in our dataset, the M value of shops with high sales is relatively small. Thus, to satisfy the 270 discipline of autocorrection, we use a variance reciprocal to represent the gap between current 271 products ratio and standard ratio. Furthermore, given that the order of magnitudes is nearly We use spatial autocorrelation analysis based on the * M of first-class shops. The result is 275 then used to determine the adjustment strategy of retail shops. We use two methods for analysis.
276
First, we directly conduct spatial autocorrelation analysis for shop points. Second, we conduct 277 spatial autocorrelation analysis based on the spatial segmentation method.
278
Given that the marketing characteristics of retail shops are often relatively regional, we can 279 make adjustments following the regional characteristics of shops. Several space division means 280 are available, including spatial weighted Voronoi diagrams, which can set sales as an attribute
281
(weights) in spatial segmentation, and Delaunay triangulation. These two means can consider 282 the differences between shops, but they also separate the contact among shops.
283
Compared to the previous two means, the grid diagrams have several advantages [33, 34] , as 284 follows: they are simple and easy to overlay. However, the most important aspect is that the grid 
303
We obtain a scatter diagram of * M and mean sales, based on which we can establish the 304 functional relationship between them by using maximum likelihood estimation. The results are 305 shown in Fig. 5 . Table 3 shows the effects of whether or not spatial division method is adopted. Table 3 Goodness of fit of two methods
309
The table indicates that using the grid as a geographical unit is better than merely using 310 single shop points. The sales model can provide support for planning the ratio of shops that 311 belong to the same grid. The model can also predict the sales in each grid based on their variance.
312
Our goal is to improve the areas' total sales and adjust the sales strategy of shops whose 313 current sales situation is not preferable, thereby improving their profile and satisfying 314 consumers' demand at the same time. Our research provides an efficient method to do so. We 315 take spatial autocorrection based on the * M of first-class grid, Fig.6 shows the analysis results of 316 shops that belong class 1. Table 4 shows the results of all classes.
317
Elementary Unit
Single retail Grid correlation function y = -6.7318x + 560.48 y=3E-06x 6 -0.0006x 5 +0.0385x 4 -1.2566x 3 +19. 
319
The red regions are areas in which * M values are obviously "high-high" aggregating. The 320 ratio of shops in these regions is generally close to the clustering center, thereby indicating that 321 the preference of consumers in these places is obvious. Thus, we can typically adjust the shops 322 located in these areas but whose ratio is far away from the standard ratio, and drastically make 323 their ratio closer to the clustering center. This approach will effectively improve their sales.
324
When shops are in orange areas, the * M values are "high-low" or "low-high" aggregation, and 325 their ratio is secondary closer to clustering centers. These shops can be adjusted slightly, and the 326 focus can be on improving the shops whose situations. Thus, their statuses can be retained, or fine adjustments can be applied.
329
In this paper, we take out to specific adjustment strategies. The first is a conservative 330 strategy. In this strategy, the shops in red areas with * M values below 8.1 will be adjusted to 8.1. 331
The theoretical sales, including sales with every product, will be calculated based on will be improved by 5.1%, and those of the other shops will be improved 3.2%. Then, the ratio 337 of products will be calculated. The best percentage can be confirmed by the marketing 338 performance. 
